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Abstract 

The cosmological creation of primordial vector bosons and fermions is described 
in the Standard Model of strong and electro-weak interactions given in a space- 
time with the relative standard of measurement of geometric intervals. Using the 
reparametrization - invariant perturbation theory and the holomorphic represen- 
tation of quantized fields we derive equations for the Bogoliubov coefficients and 
distribution functions of created particles. The main result is the intensive cos- 
mological creation of longitudinal Z and W bosons (due to their mass singularity) 
by the universe in the rigid state. We introduce the hypothesis that the decay 
of the primordially created vector bosons is the origin of the Cosmic Microwave 
Background radiation. 
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o: 1. Introduction 



It was the main achievement of the Hot Big Bang Cosmology to predict the Cosmic Mi- 
crowave Background (CMB) radiation as one of the observable relics witnessing the ther- 
mal history of the expanding universe. The discovery of the CMB has in turn disfavored 
alternative cosmologies like the conformal-invariant Hoyle-Narlikar type cosmology U. 
The latter has recently been generalized and successfully applied to a description of lu- 
minosity distances for high redshift supernovae without the need for a A term thus 
solving one of the major problems of the Standard Cosmology [[|. In this Conformal 
Cosmology, the Hubble law is explained by the cosmic evolution of elementary particles 
masses. The question arises about the origin of the CMB in the context of the Conformal 
Cosmology. In the present work we consider the simplest scenario where the origin of 
the CMB is the primordial creation of longitudinal vector bosons which have a singular 
behavior of the integral of motion in the vicinity of the cosmological singularity & EL 

In this paper, we give a systematic description of the cosmological creation of massive 
vector bosons and fermions in the Standard Model of strong and electroweak interac- 
tions. Our consideration of this problem differs from other calculations 0, [7|, || |9| by i) 
the conformal symmetry flO|l , ii) the reparametrization - invariance [JTTJ, [T2[| , and iii) the 
holomorphic representation of quantized fields fl3| . 



The conformal symmetry was introduced in the theory of gravitation by Weyl in 



1918 Ul4| , based on the fact that we can measure only a ratio of two intervals. How- 
ever, the original Weyl theory of a vector field had the defect of an ambiguous physical 
time as marked by Einstein in his comments to Weyls work. The conformal invariant 
theory of gravitation with an unambiguous physical time has been considered in Ref. [|l(| 



on the basis of the conformal invariant theory of a massless scalar (dilaton) field [15| with 
a negative sign. 
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The dilaton theory of gravitation is mathematically equivalent to the Einstein theory, 
and all solutions of the one theory can be constructed from those of the other by confor- 
mal transformations. In particular, the homogeneous approximation in Einstein's theory 
corresponds to the lowest order of the reparametrization - invariant perturbation theory in 
the flat space-time in the conformal invariant theory, where the homogeneous dilaton field 
scales all masses including the Planck mass. The corresponding Conformal Cosmology || 
describes the cosmic evolution of all masses Q with respect to the observable conformal 
time instead of the cosmic evolution of the scale factor in the Standard Cosmology. 

The considered perturbation theory keeps the main symmetry of all metric gravitation 
theories- the invariance with respect to reparametrizations of the "coordinate time". Just 
this invariance leads to the energy constraint that connects the total energy of all fields in 
the universe with the energy of the dilaton and converts it into the evolution parameter 
of the history of the universe. 

The content of the paper is the following. In Section 2, we formulate the conformal - 
invariant version of the Standard Model (SM) unified with the dilaton version of Einsteins 
General Relativity (GR) theory. Section 3 is devoted to the reparametrization - invariant 
perturbation theory as the basis of the Conformal Cosmology. In Section 4, we derive 
equations of the cosmological creation of vector bosons and fermions. In Section 5, we 
solve these equations for the early universe in the rigid state. We summarize the results 
of this work in the Resume of Section 6 and give our conclusions in the final Section 7. 



J d^xy^g [C %w + C g + Li + A<&] , (1) 



2. Conformal General Relativity 
2.1. Conformal - invariant unified theory 

We consider a version of the conformal-invariant unified theory of gravitational, elec- 
troweak and strong interactions as the Standard Model where the dimensional parameter 
in the Higgs potential is replaced by the dilaton field w the dynamics of which is described 
by the negative Penrose-Chernikov-Tagirov action. The corresponding action takes the 
form 

W c 
where 

U, w = 1 1 ~ - R - dpw&w + D-^(D^)* - A (|$| 2 - y 2 h w 2 ) 2 (2) 
is the Lagrangian of dilaton and Higgs fields with $ = (d^ — ig^A^ — ^g'B^ $, and 

$= ^+ y, (i$i 2 =$ + $_+$ <i>o) . (3) 

The Lagrangians of the gauge fields is 

C g = -~ (d,A a v - d u Al + ge abc AlAif - i {d,B v - d v B,f , (4) 



and the Lagrangian of leptons 
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is given by 



d = Li-f (d f - ig^A^ + l -g'B^ L + e R i-f (d f + ig'B^) e R + v^rfd^R , (6) 
where D F is the Fock derivative. The Lagrangian describing the masses of the leptons is 
Civ = ~Ve (e R $ + L + L<S>e R ) - y u (u R ^L + L$ c vr) , ®c = «r 2 ^ = ( ®° J , (7) 



which includes the possibility of a finite neutrino mass, yf are dimensionless parameters. 

This theory is invariant with respect to conformal transformations, and it is given in 
the Weyl space of similarity with the relative standard of the measurement of intervals 



given by the ratio of two intervals |TJ 



ds 2 



rf q 2 ■ W 
u,s scale 

The space of similarity is the manifold of Riemannian spaces connected by the conformal 
transformations. 

The ratio (^j) in the geometry of similarity depends on nine components of the metric 
tensor, the relative standard measurement of intervals allows us to remove the scale vari- 
able l*- 3 ^! from the metric tensor. Therefore, we use the conformal-invariant Lichnerowicz 
variables [|17j] and the measurable conformal-invariant space-time interval 



{ds L f = g F u dxW , g^ = g lv \^g\- 1, \ |<V| = 1 , (9) 

with the notation f£ = f n \^g\ n ^, where (n) is the conformal weight being equal to 
(1, 3/2, 0, —2) for the scalar, spinor, vector, and tensor field respectively. The Lichnerowicz 
interval depends on nine components of the metric g F u . 

The formulation of GR in terms of the Lichnerowicz variables reveals that the equiva- 
lence principle is violated in a direct unification of GR and SM where the gravitational 
coupling constant and inertial masses of particles are formed by different fields, i.e. when 
the scale component of metric and the Higgs field are treated as independent scalar fields. 
A possible solution to this problem is given in the following subsection. 

2.2. Conformal Higgs Mechanism 

In the contrast to the direct unification of GR and SM, the principle of equivalence 
of inertial and gravitational masses is incorporated into the conformal invariant Higgs 
mechanism through the dilaton-Higgs mixing [16j 

w = (ft chx, = tiishx, (nn + = 1). (10) 

The modulus of dilaton-Higgs mixing simultaneously forms the gravitational coupling 
constant and inertial masses of particles. 

After applying the transformation fllQ|) the Lagrangian in the action (JJ) takes the form 

c c = -^-R + -^e^ (V=gar<j>) + tfd^X + c SM , (11) 
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where Csm is the SM Lagrangian with the Higgs potential 

C-Higgs = -A0 4 (stfx - vl^x) ■ (12) 

The extrema of this potential with respect to x can De found from the condition 

d -±f^ = -4A0 4 (1 - yl)sh X chx (sh\(l - y h f - y 2 h ) = , (13) 



which leads to two solutions 

Xi =0, \ s h X 2\ = ^=. (14) 

The last solution corresponds to the spontaneous SU(2) symmetry breaking in the SM. 
The problem is to show that the present day value of the modulus of the dilaton-Higgs 
mixing (p(t ,x) = ipo far from heavy masses is equal to the Newton constant 

nr . . 

(p = Mpi anck W— . (15) 

V o7T 

This means, that 

y h = — ~ 10- 17 • (16) 

In terms of the notations (foX = H and ^foUh = Mh we obtain in the limit of the infinite 
Planck mass the renormalizable version of the SM with the Higgs potential 

- A(tf 2 - M, 2 ) 2 + 0(— — ). (17) 

^"Planck 

On the other hand, if A = 0, then the SU(2) breaking solution is x — const, and we obtain 



the Higgs free SM version 10 



In the following, we consider the problem of cosmological particle creation in the frame- 
work of the dilaton theory ([]]). 



3. The Energy Constrained Perturbation Theory 
3.1. Conformal Cosmology 

The cosmological applications of conformal gravity are based on the perturbation the- 
ory [[13] that begins from the homogeneous approximation for the dilaton and metrics 

L (t,x) = <p(t), [gf^x)]- 1 ' 2 = N (t), g% = c% + h l3 , (18) 

where the conformal - invariant interval reads 

dsl = drf - dxf , dr] = N (t)dt . (19) 

We keep only independent local field variables which are determined by a complete set 
of initial values. All nonphysical variables (for which the initial values depend on other 
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data) are excluded by the local constraint. In particular, the local part of the dilaton 
is excluded by the local energy constraint, i.e. the equation for the metric component 
<7°°, and is converted into the Newtonian interaction potential. The first step of the 
perturbation theory is to consider the independent "free" fields in the linear approximation 
of their equations of motion. The global part of the dilaton ip(t) should be considered 
as independent variable as its two initial values (the field and its momentum) cannot 
be determined by the one energy constraint only The latter is the consequence of 
the invariance of the theory with respect to reparametrizations of the "coordinate time" 
t^i= t(t). 

The substitution of the ansatz (|T9|) into the action (|TJ) leads to the action of free fields 
in terms of physical variables P, HT 



W = j dt 

ti 



d Tr „ r T 

*ItW v ° + N ° L ° 



where Vq is a finite spatial volume and 

Lo = \j d 3 xN (C x + Ci c + Cl c + £ rad + C s + C h ) 

Vb 

is the total Lagrangian of free fields. In particular, 

■2 



c 



2 Xi 

x -<P \JH + Xi 



o 



Xi 



is the Lagrangian of the Higgs field and 



±2 



N 2 



d 2 



{yv<pf 
1 



9 2 - (y v ^y 



^W 2 



(20) 



(21) 



(22) 



(23) 



are Lagrangians of the transversal (C^ ec ) and longitudinal (jC vec ) components of the W- 
and Z- bosons H, O . The Lagrangian of the fermionic spinor fields is given by 



£, = < ' | -y s p - ij^do + iljdj ) < • 



(24) 



where the role of the masses is played by the homogeneous dilaton field (p multiplied 
by dimensionless constants y v ^ s . C ra d is the Lagrangian of massless fields (photons 7, 
neutrinos v) with y 7 = y v = 0, and 



C, 



h 2 



24 I A^ 2 



{dihf 



(25) 



is the Lagrangian of gravitons as weak transverse excitations of spatial metric for which 
ha = 0; djhji = . The last two equations follow from the unit determinant of the 
three-dimensional metric (|]) and from the momentum constraint [I3|. 
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To find the evolution of all fields with respect to the proper time 77, we use the Hamil- 
tonian form of the action (|1|) in the approximation ([19]) 



t-2 



dt 



J d 3 xJ2Pff 

V f 



<pP v - N 



(26) 



where the Hamiltonian H(<p, f,Pf) is a sum of the Hamiltonians of free fields, with / and 
denoting the field of particle species / and pj its conjugate momentum. 

The variation of the action with respect to the homogeneous lapse-function No yields 
the energy constraint 

5W n . n H(tp) 







(27) 



5N " Vo 
where the prime denotes the derivative with respect to the conformal time rj. The fact 
that the dilaton, which scales all the elementary particle masses, has a nonzero derivative 
entails the cosmic evolution of the size of atoms similar to the Hoyle-Narlikar cosmology [I], 



10]. The cosmic evolution of the dilaton leads to a rescaling of the energy levels of atoms 



and to the observed redshift z of atomic line spectra 

z + 1 = (p(r] )/(p(r} - d/c) ~ 1 + {d/c)H , 

of a star at the distance d from the Earth where Hq = (logip)'\ Vo is the conformal cosmol- 
ogy definition of the Hubble parameter. With these definitions, the present-day value of 
the dilaton ipo = (p(i]o) can be determined from the present-day value of density parameter 



^0 = p(<po)/Pc, where p c 



3^Plan<k 



H 2 /(8 



7T 



<p = n 1/2 M t 



Planck 




:28i 



Thus, the energy constrained theory obeys the Freedmann equation of the cosmological 
evolution 



•pa 



dip 



(29) 



that connects the geometric interval with the dynamics of the dilaton as evolution param- 
eter. In accordance with the Dirac quantization of relativistic constrained systems the 
geometric time ( p9|) is always positive . 



3.2. Holomorphic Representation of Quantized Fields 



In order to determine the observational energy density (|27|) we have to diagonalize the 
Hamiltonian 

F = 5>/(</?)iV/ , (30) 



where q = k, f,a stands for momenta, species, and spins, respectively. iV f J are the number 
operators for bosons (J = B) and fermions (J = F), given by 



B 



2 (a+a, + a q a+) , 
a^a^ — d^d^) . 



(31) 
(32) 
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We introduce the representation of particles as holomorphic field variables 



/(*,*) = £ 



Cf(ip)exp(ikiXi) jr 



t Vo /2 Ju f ((p,k) 



fAt, k) 



where 



f B (t,k) = -^=^2(a+(-k,t)e t7 (-k) + a a (k,t)e a (k) 
f F (t,k) = £ (4(-k,t)v*(-k) + a a (k,t)u a (k)) , 



(33) 

(34) 
(35) 



and u>f(ip,k) = yk 2 + yjip 2 are the one-particle energies for particle species / = h, 7, v, s, x 
with the dimensionless mass parameters yj and 



CM 



c» = cm = 1, = 1, c[ 



The coefficients (Ch,C\j,C x ) exhibit the mass singularity of gravitons, longitudinal com- 
ponents of massive vector fields 0, and the Higgs fields. These mass singularities lead 
to the intensive cosmological creation of the corresponding particles that follows from the 
first terms of the action ( ^6l) when represented in terms of holomorphic variables 



J B 



£-(a+a ? -a f d+ 
? 1 



£-(a+a+ -a s a f )A c (p), 



V 1 



i^d^ + a^d ? ) + £ i(a^d^ — d q a q ) A ? (<p) 



A ? (yj) are terms responsible for particle creation 

A h (ip) = ln(cp) - ln(^j) , 
A^((p) = ln(v^) - ln(v^7) , 

A x (^) = A fe (^) + A^) , 
A s (yj) = (x 



A: 



, , y a <P\ , (VsVi 
arctan —— — arctan 



where <pi and ujj are initial data. 



(36) 



(37) 



(38) 
(39) 
(40) 
(41) 

(42) 



4. Cosmological Pair Creation 
4.1. Bogoliubov Quasiparticles 



The local equations of motion for the system (p6|) can be written as [13 



(43) 



where 



xi B) 



x\ F) 



d+ 



(44) 



for bosons (B) and fermions (F), respectively. Exact solutions of these equations of 
motion were obtained by their diagonalization with the Bogoliubov transformations J13] 

x, = 6^ - < = [id- l 6^ + o^hA] A = , 

where H q is required to be diagonal 



(45) 







detO, = 1; 



K 



The Bogoliubov parametrizations for the coefficients are 

= cos(7\)e 5 d+ + i sin(r f )e 
c s = cos(r f )e ie ^a ? + i sin(r f )e~ 

and the Hermitian conjugate for fermions, and 



4 B) 



K 



(46) 



(47) 



cosh(r f )e '^aj" — z sin(r ? )e 



6, 



+ 



cosh^Je 1 ^ + «sinh(r f )e ^a" 
for bosons. For each q we get two equations for the two unknown functions r ? , 9 q 



(48 



[w 5 - 0£] sinh(2r ? 



for bosons, and 



[w s - 0£] sin(2r, 



A^ cos(2# f ) cosh(2r ? 
—A' sin(20j 



A^ cos(2^) cos(2r ? ) 
-A' sin(20,) 



(49) 



(50) 



for fermions. 

The diagonalization procedure has two immediate consequences: (i) integrals of motion 
of the type of numbers of the Bogoliubov quasiparticles are obtained and (ii) the possibility 
to choose the initial states as corresponding to the vacuum of the Bogoliubov quasiparticles 
(the well-known squeezed vacuum [Of) 



b c 10 > 



sq" 



. 



(51) 



In the case of the vacuum initial data (|5lJ) , the Bogoliubov equations fl49|) are closed by 
Eq. ( p7|) for evolution of the universe 



Vo 



XXMsq < 0|JV 5 |0 > sq = p{cf) . 



(52) 
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The number of particles created during the time r) is 



K (B) (V) = sq < 0\NW\0 > sq ~ = sinh 2 ^) (53) 



for bosons, and 



K {F) (V) = sq < 0\N^\0 > sq + l - = sin 2 rM (54) 



for fermions respectively. 

4.2. The redshift representation 

To compare with the present-day cosmo logical data po and (fo, it is useful to rewrite 
the Bogoliubov equations fl4"9|) in terms of the redshift z and the density parameter fl(z) 
defined as 

z + l = —, Sl(z) = — . (55) 

Then Eq. (|52|) for the evolution of the universe takes the form (we take VL$ = 1 from now 
on) 

H(z) := t. = Z — = (z+ l)Jn(z)H , (56) 

where H = <p' Q /(po is a value of the present-day Hubble parameter. All equations can be 
rewritten in the terms of z-factor, in particular, the Bogoliubov equations ( f49"D for bosons 
become 

sinh(2r f )[^y - — 0J = cos(2fl f ) cosh(2r f )-^-A ? , 

f-'-^S 4 " (57) 

where z' is determined by eq. (|56l). 

4.3. The vacuum initial values 

In the case of the early universe, we have a large current Hubble parameter ( [56D or small 



one-particle energies A' <C lu. To analyze the Bogoliubov equations fl49[ ) in this case, we 
change variables (r, 6 — > C, A/") 

cos(2# f ) sinh(2r f ) = C ? , 



sinh(2r ? ) = ^Af(Af + 1) . (5* 
Then, equations ( f49"|) take the form 



A^' = -A;J4A;(A; + 1) - C 2 . (59) 
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In the limit of the early universe (A' <C cu), Eqs. fl5Tj| ) reduce to 

c' = o, 



dAf c 



+ 1) - C 2 . (60) 



dA, 

A general solution of these equations is 

C 2 

27V f + 1 = cosh(2r ? ) = cosh(2AJ + -^-e~ 2A < , 

jLi 

C f = const . (61) 

From equations ([H]) it follows that the vacuum initial state fl5T|) A/" ? (^ = 0) = entails 
that C f (r? = 0) = 0. In terms of r and 9 this corresponds to the initial values for the 
cosmic evolution 

r,( V = 0) = 0, 9 q ( V = 0) = j. (62) 

The solution (|6l"l) to eq. (|B"0|) for = can be treated as the Goldstone mode that rejects 
the symmetry breaking with respect to translations in time. The numbers of created 
particles for the large Hubble limit are determined by the vacuum solutions 

r 5 = A„ 9,= ^-. (63) 

In accordance with equations (|53"D and (0), we have 

A/; (B) = sinh 2 A,(<p), AT} F) = sin 2 A,(ip) . (64) 

In particular, the number of created fermions is equal to 

2 \ w s (v9)u; s (v9/) j 

It is easy to see that the relativistic limit of large momenta prevents the cosmological 
creation of all particle species except for gravitons and longitudinal bosons in accordance 
with their mass singularity [§, §]. 



5. Early Universe Scenario 
5.1. Rigid state 

From the action (TO) considered in this work one can see that at the beginning of time 
i] ~ 0, the dilaton goes to zero tp ~ together with the potential energy, whereas the 
kinetic energy of gravitons goes to infinity as ~ 1/y? 2 , Mh ~ 1/V 2 - This behavior is well 



known |18| from anisotropic homogeneous excitations of the metrics in a universe with 
the rigid equation of state (the Kasner stage). This corresponds to the behavior of the 
conformal density (|55|) 

Q(z) = fi Rigid (z + 1) 2 , fi Rigid < 1 , (66) 
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and the evolution of the universe Q5ED 



2+1 



2 + 1) JfiRigid-f^O • 



(67) 



The solution of this equation takes the form 



(z + D 



V + Vi 



(68) 



where the subscript "I" denotes values at the initial time rji. For definiteness, we list the 
values of the initial Hubble parameter Hj, initial time rji, initial z-factor (zj + 1), and 
initial vector boson mass m v (zi) 



Ej = H(zj) = ^- = ( Zl + l) 2 H ^h~ d , 



m, 



zi + l = — , m l ,(z 7 ) 

<p Z Z T + 1 



(69) 



To isolate the point of singularity, we shall consider the beginning of time 77 = in 
Eq. (p^D with the initial value tpi for dilaton as the beginning of the creation of the 
primordial vector bosons. 

In the anisotropic era, the Bogoliubov equations ([49"D for the numbers of created vector 
bosons (longitudinal (||), and transversal (_L)) can be rewritten in terms of dimensionless 
variables for time and momentum 



T = 77/777 



X 



q 



m v (zj) 



and the vector boson disperson relation 



(70) 



(71) 



where 7„ = m ^ I - > is the vector boson mass parameter. The corresponding Bogoliubov 
equations ( [49|) for the number of created bosons in the anisotropic (rigid state) era are 
defined by the functions 



A' 



1 



1 _< =H 



11 (p 



1 



T 2(1+T + X 2 



(72) 
(73) 



The initial values are given by (|62"D , see also Appendix A. The form of these equations 
shows us that the parameter value j v = 1 is distinguished. For f^gid = 1 this value 
corresponds to Zi + 1 = (m„/if ) 1//3 ~ 3.4 x 10 14 . At this high redshift Hi = m v (zi) = 
ks 2.76 K, i.e. the dilaton field changed so rapidly as to create vector mesons which were 
light enough in that era to form upon annihilation the CMB the temperature of which is 
an invariant of the cosmic evolution. In the following we study the cosmological creation 
of vector bosons for the universe in the rigid state. 
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5.2. Creation of vector bosons by the anisotropic universe 

We have calculated the number of created bosons during their lifetime tl = Vl/vi- To 
estimate roughly this time T]l, we use the lifetime of W-bosons in the Standard Model at 
this moment 

'~>w 



Vl + Vi 



sin 2 6\ 



m w (z L )a Q ED ' 

where 9w is the Weinberg angle, olqed = 1/137, and zl is the z-factor at this time. Using 
Eqs. (|68f), (|69|)), and the equality 7}imw{zL) — (jv/2)(zi + 1)/( z l + 1), we rewrite the 



previous equation in terms of the z-factor 



t l + 1 = 7 — — T72 = ? — nr ' ( 74 ) 

[Z L + l) 2 [Z! + 1) JyOiQED 



The solution of this equation ([74]) is 



1 /2 sin 2 9 W \ 2/3 16 

TL + 1 = ~ "273 » ? 5 

\ 7^«QSD / 7 2/d 



and for the timelife of created bosons we have 

r^'^j^-l. (76) 

In the following we consider the case j v — 1 for which = 15. 

The numerical solutions of the Bogoliubov equations ( |49l) for the time dependence of 
the vector boson distribution functions A/"" and ftf 1 - are given in Fig. 1 (left panels) for 
the momentum x = 1.25. We can see that the longitudinal function is greater than the 
transversal one. 

The momentum dependence of these functions at the time r = 14 is given on the 
right panels of Fig.l. Upper panel shows us the intensive cosmological creation of the 
longitudinal bosons in comparison with the transversal ones. This fact is in agreement 
with the mass singularity of the longitudinal vector bosons discussed in Refs. 0, || . 

One of the features of this intensive creation is a high momentum tail of the momentum 
distribution of longitudinal bosons which leads to a divergence of the density of created 
particles defined as 



nM = ^ I dqq 2 [.A/% Vl ) + 2Af x {x, T) L )] . (77) 



The divergence is a defect of our approximation, where we neglected all interactions of 
vector bosons, that form the collision integral in the kinetic equation for the distribution 
functions. 

In order to obtain a finite result for the density we suggest to multiply the primordial 
distributions J\f"(x, t)l) and A/" _L (x, t]l) with the Bose - Einstein distribution (ks = 1) 



lv v {t) - /x(r) 
T 



(7E 
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where T is considered as the regularization parameter. Then, the density is given as 



n v (T, r] L ) 



2tt 2 



dyy 2 F (y, 7t, 7m) 



for each vector boson (v = W^, Z°), where 



IT rp > rj-i 



The problem is to find the value of this density. 



(79) 



30) 




H 0.004 



Figure 1: Time dependence for the dimensionless momentum x = 1.25 (left panels) and 
momentum dependence at the dimensionless time r = tl = 14 (right panels) of the 
transverse (lower panels) and longitudinal (upper panels) components of the vector boson 
distribution function. 

Our calculation presented on Fig.l signals that the density (|79| ) is established very 
quickly in comparison with the lifetime of bosons, and in the equilibrium there is a weak 
dependence of the density on the time (or z-factor). This means that the initial Hubble 
parameter Hj almost coincides with Hubble parameter at the point of the saturation H s . 

For example we calculated the values of integrals (|77|) for the regularization parameter 

T = m v { Zl ) = Ej . (81) 
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This choice corresponds to *y v = 7^ = 1, fi = m v . The result of the calculation is 

^ = ^ {[1.877]H + 2[0.277] ± = 2.432} , (82) 

where we denote the contributions of the longitudinal and transverse bosons by the labels 
(II, J-)- 

After the time tl primordial bosons decay. The final product of the decay of the 
primordial bosons includes photons. If one photon goes from the annihilation of the 
products of decay of W ± bosons, and another photon - from Z bosons, we can expect 
the density of photons in the Conformal Cosmology with the constant temperature and 
a static universe || 

^ = ^{2.432}. (83) 

By the comparison of this value with the present-day density of the cosmic microwave 
radiation 

„obs 1 

- — {2C(3) = 2.402} . (84) 



T3 



CMB 



7T 



2 



we can estimate the regularization parameter T. One can see that this parameter is the 
order of the temperature of the cosmic microwave background 

T = 7cmb = 2.73 K. (85) 

We can speak about thermal equilibrium for the primordial bosons with a temperature 
T eq , if the inverse relaxation time |19| 

V7cl( Z l) = OscatMT eq ) (86) 

where the scattering cross-section of bosons in the considered region is proportional to 
the inverse of their squared mass 

Tscat / 7\ 

ml{z) 

is greater than the primordial Hubble parameter Hi. This means that the thermal equi- 
librium will be maintained 

7scat^(T eq ) = 2 - 4 J scat T c 3 q = H{z!)ml{zi) = H(0)m 2 v (0). (88) 

The right hand side of this formula is an integral of motion for the evolution of the universe 
in the rigid state. The estimation of this integral from the present values of the Hubble 
parameter and boson mass gives the value 



1/3 



1/3 



m 2 w ( Zl )H( Zl )\ = [m 2 w (0)H \ = 2.76 K. (89) 

Thus we conclude that the assumption of a quickly established thermal equilibrium in the 
primordial vector boson system may be justified since T ~ T eq . The temperature of the 
photon background emerging after annihilation and decay processes of W ± and Z bosons 
is invariant in the Conformal Cosmology and the simple estimate performed above gives 
a value surprisingly close to that of the observed CMB radiation. 

A more detailed investigation of the kinetic processes which govern the transition from 
the primordial vector boson era to the photon era can be based on a solution of the 
corresponding kinetic equations pDl and will be given elsewhere. 
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5.3. The baryon asymmetry 



The baryon asymmetry of the universe appears as a result of the polarization of the 
Dirac vacuum of quarks by transversal bosons in accordance with the selection rule of the 
Standard Model J2T] 

AL = AB = An w + An z , (90) 

where 

= ^§^J W , J W = f W d V [^ sq < 0\E?B?\0 > sq , (91) 
sin t) w Jo J 4tt 



7 \\ 

n? , ^3, 



An, = . * QE \ ft J z , J Z = P d V f ±Z sq < Q\E?B* |0 > sq (92) 

Sin 6>iy COS^ t% JO J 47T 

are the topological winding number functionals of the primordial and Z bosons, and 
Ei, Bi are the electric and magnetic field strengths. The squeezed vacuum gives a nonzero 
value for these quantities 

J ^ sq < 0|^S?|0 > sq = -y J dk\k\ 3 C v ( V , k) , (93) 

o 

where C v (j],k) is given by the equation ( |58|) for the transversal bosons. We estimated 
J W /V T 3 w 1.44 and J z /V T 3 ss 2.41 for 7 „ = 1 and a timelife of the bosons ss 15, 



/ ~ 30, using the T-regularization ([78]). 



Thus, we can see that the baryon asymmetry can be explained by the topological 
winding number functional of the primordial bosons and the superweak interaction of d 
and s-quarks (d + s — > s + cf) with CP- violation, experimentally observed in the decays 
of K mesons |22j . A more detailed consideration of the baryon asymmetry phenomenon 
will be presented in a subsequent paper. 



6. Resume 



We have considered the simplest Cold Universe Scenario where the physical reason of CMB 
is the cosmic creation of primordial longitudinal vector bosons. Among the matter fields 
there is only one longitudinal component of the vector bosons with a singular behavior 
of the integral of motion at this region. To see this singularity, we consider only the 
mass term for the time component Vq that is proportional to the time derivative of the 
longitudinal component (due to the constraint vq ~ vu). The toy Lagrangian of the 
conformal universe filled in these bosons takes the form 



C — Cn + C\ 




' dv || 
, dv 



(94) 



with the equations of motion 



ar\ A \ drj 



d 
drj 



2 dv\\ 
ip (77)— li- 
ar/ 



(95) 



(96) 
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The last equation entails the existence of an integral of motion 



Pv (97) 



In terms of this integral of motion the Lagrangian (|94|) and the energy of matter takes 
the form of the rigid state 

p2 

<p iv) 

whereas the equation of motion for the dilaton (^) becomes trivial for the square of the 
dilaton 

A solution of this classical equation is defined by an initial position <pj and velocity Hj of 
the dilaton 

<p 2 ( V ) =<p 2 j(l + 2HjTi) (100) 

Hj coincides with the initial Hubble parameter (p'j/(pj. 

The numerical solution of the exact Bogoliubov equations shows us that the temperature 
equilibrium is established so quickly that the z-factor and the Hubble parameter almost 
do not change. The latter determine the temperature of the primordial bosons as the 
integral of motion 

T eq = [H o m 2 w {0)) 1/3 = 2.76 K , (101) 

which almost coincides with the present-day value of the cosmic microwave radiation. 

Thus, in the context of the relative standard of measurements and the Conformal 
Cosmology, the estimations of temperature and density of the primordial vector bosons 
show us that the origin of the cosmic microwave radiation and the observable matter in the 
universe can be seen in the decay of the primordial vector bosons into photons, leptons, 
and quarks. These primordial vector bosons are created by the conformal universe at the 
time rji = 10~ 12 that corresponds to the initial z-factor 



m w (0) 



1/3 



Z j + 1 = \ ~ 3.5 x 10 14 . (102) 



rrl/3 

It is worth to emphasize that in the considered model of the Conformal Cosmology , 
the temperature ( |101| ) is a constant. In Conformal Cosmology, we have the mass history 

m eia (z) = = T « ^ 

{i + z) 

with the constant temperature T eq = 2.73 K = 2.35 x 10~ 13 GeV, where m era (0) is a 
characteristic energy (mass) of an era of the universe evolution. 

Eq. ( |103| ) has the important consequence that all those physical processes which concern 
the chemical composition of the universe and which depend basically on Boltzmann factors 
with the argument (m/T) cannot distinguish between the Conformal Cosmology an the 
Standard Cosmology due to the relations 

™>{z) m(0) _ m(0) 

T(0) (1 + *)T(0) T(z) ' 1 ' 
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This formula makes transparent that in this order of approximation a z-history of masses 
with invariant temperatures in the rigid state of Conformal Cosmology is equivalent to 
a z-history of temperatures with invariant masses in the radiation stage of the Stan- 
dard Cosmology We expect therefore that the Conformal Cosmology allows us to keep 
the scenarios developed in the Standard Cosmology in the radiation stage for, e.g. the 
neutron-proton ratio and primordial element abundances. 

Recall that the theoretical foundation of the radiation stage in the Standard Cosmology 
became problematic in the light of the new Supernova data on the present-day acceler- 
ating evolution of the universe at the dominance of the inflation stage. In this situation 
it is difficult to explain in the Standard Cosmology the status of the radiation stage that 
follows the primordial inflation stage and is followed by a short matter era which in turn is 
terminated by the present-day inflation stage. On the other hand, in the Conformal Cos- 
mology a unique permanent rigid state can explain the primordial creation of matter from 
the vacuum, the primordial element abundances, and the recent acceleration witnessed 
by distant type la supernovae 0. ||] . 

An important new feature of the Conformal Cosmology relative to the Standard one is 
the absence of the Planck era, since the Planck mass is not a fundamental parameter but 
only the present-day value of the dilaton field || HI] . 



7. Conclusion 

We have considered a unified theory of all interactions in a space-time with the Weyl 
relative standard of measurement. The laws of nature, i.e. the equations of motion, 
in this theory are conformal invariant and do not contain any dimensional parameter, 
whereas the initial data violate the conformal symmetry. We have shown that this unified 
theory leads to a conformal version of the Standard Cosmology which is free of those 
problems related to the expansion of the universe. In the Conformal Cosmology, instead 
of a z-history of the temperature we have obtained a z-history of masses at constant 
temperature where the number of created particles is determined by the initial data of 
the universe. 

We have shown that the conformal symmetry, the reparametrization-invariant per- 
turbation theory and the mass-singularity of the lomgitudinal components of vector 
bosons lead to the effect of an intensive creation of these bosons with the temperature 
(m^ifo) 1 ^ 3 ~ 2.73 K and a density which resembles physical properties of the cosmic 
microwave background radiation. We have derived a similar enhancement of particle cre- 
ation in the case of the Higgs field, but we do not consider this case in detail because its 
existence is not experimentally proven yet. 

According to the scenario outlined in this work, the primordial boson radiation is cre- 
ated during a conformal time interval of 2 x 10 -12 sec and subsequent annihilation and 
decay has formed all the matter in the universe. 

The further z-history of the conformal universe repeats that of the Friedmann universe, 
with a remarkable difference : instead of the z-dependence of the temperature in an 
expanding universe with constant masses (Standard Cosmology), we have a z-history of 
masses in a static universe with almost constant temperature of the photon background 
in Conformal Cosmology. 

The Conformal Cosmology provides definite solutions to the problems of Standard 
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Cosmology. The Minkowski flat space has no horizon problem. The problems of the 
Planck age also do not exist as the Planck mass is not a fundamental parameter of the 
theory but only the ordinary present-day value of the dilaton field. 

In the present paper we have added to this appealing concept of Conformal Cosmology 
a physical mechanism explaining the origin of the matter content of the universe by pair 
creation of longitudinal vector bosons from the dilaton field which, in particular, gives a 
surprisingly good estimate for the temperature of the CMB radiation. 
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Appendix A 

The Bogoliubov equations for the Higgs field (x) and vector bosons (v) in terms of di- 
mensionless variables and parameters take the form 



tanh(2r^ 



[1 + t)vI + x2 



cos (20. 



X) ' 



d 

~d^ x 



1 



1 

+ ■x 



d 



d || _ 1 



1 + r)yl 2 
tanh(2r. 



1 + r)y 2 + x 2 



v) 2 



sin(2fl x ) , 
1 



(1 + r) 2[(l + r) + a; 2 ] 
1 



cos(20'. 



;i + r) 2[(l + r)+x 2 



lv 



d 



i +T)+I ._ ^ 



tanh(2rj" 



sin(2#!J 
1 



d ± _ 1 



1 + T + X 2 



1 + r) + x 2 
sin(20 , 



cos(2fl-! 



where y 2 is defined as 



2 AxVh 



The creation of t-quarks with the mass 



Vv 



m t = —m w := ^ s m w 



{is ^ 2) 



is described by r t , t with the equations 



lv 



d 



sin(2r t 



(1 + r) + x 2 h 2 



cos(2# t ) cos(2r t ) 
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d 

Tr Tt 



1 

~4 



;i + r) + x 2 h 2 



sin(2# 



and the density 



< n t {rj L ) > ^ 7, 



J"3 



7T Z 



y dxx 2 Ttix) sin 2 r t (ji) 



where 



exp 7 t(V7 2 (1 + t l ) + x?- Jj*(l + r L )) + 1 



-1 
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